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'R
WA 1758 PI 648913 ) is a Russian wheat aphid (Diuraphis noxia Mordvilko) (RWA)-resistant, spring, two-rowed barley (Hordeum vulgare L.) tested under the experimental designation 01ST1758 that was developed and released by the USDA-ARS. RWA 1758 was selected primarily for its resistance to RWA feeding damage. It derives its RWA resistance from STARS 9577B (Mornhinweg et al., 1999) , which was selected from CIho 4165, a landrace collected in Afghanistan. This source of resistance is distinct from the resistance in 'Burton' (Bregitzer et al., 2005 ). Burton's resistance comes from STARS 9301B (Mornhinweg et al., 1995) , which was selected from PI 366450, a landrace also collected in Afghanistan. Resistance in STARS 9577B is conferred by two dominant genes with recessive epistasis, while resistance in STARS 9301B is conferred by one incompletely dominant and one dominant gene with epistasis (Mornhinweg et al., 1999) . The major component of resistance to RWA feeding damage in both STARS 9301B and in STARS 9577B is tolerance.
RWA 1758 was also selected on the basis of high grain yields and test weight, as well as resistance to lodging. RWA 1758 is expected to be widely adapted to irrigated and rainfed conditions characteristic of the Intermountain western region of the United States (Colorado, Idaho, Montana, Washington, and Oregon). It is not believed to possess the necessary levels of resistance to foliar leaf diseases that are critical for commercial success in the upper Midwest.
RWA 1758 has the pedigree 'Baronesse'*4/STARS 9577B. Baronesse is a two-rowed feed barley that is well adapted to irrigated and rainfed production areas in the western United States. It was developed by Nordsaat in Germany and is marketed in the United States by WestBred, LLC (Bozeman, MT).
Methods
RWA 1758 was developed using a modifi ed backcross breeding procedure. The initial cross was made and advanced to the BC 3 F 3 generation in a greenhouse in Stillwater, OK. Selection for RWA resistance was as described (Webster et al., 1991) . Briefl y, seedlings were infested at emergence with RWAs and scored for RWA damage after 3 wk. Russian wheat aphid damage was scored using Webster's scale (Webster et al., 1991) , where reactions scored 1 to 3 are considered resistant, 4 to 6 are considered moderately resistant, and 7 to 9 are considered susceptible. Susceptible seedling reactions are characterized by the development of chlorotic leaves, emerging leaves remain tightly rolled and develop chlorotic strips, and generally the seedlings die before scoring. In contrast, infestation of STARS 9577B seedlings results in minimal chlorosis, no streaking or rolling of emerging leaves, and a rating of 3 on Webster's scale.
Following the initial cross, each backcross population was produced by crossing approximately fi ve BC x F 1 plants to the recurrent parent, Baronesse, and bulking the resulting BC x+1 100 individuals that were used for further population development. Starting with the BC 1 F 1 population, the resistant progeny used for the next cycle of backcrossing were identifi ed on the basis of seedling resistance to RWA infestation. This process was repeated through BC 3 . Multiple (approximately 12) resistant BC 3 F 1 progeny were self-pollinated to produce a bulk BC 3 F 2 population, which was again screened for resistance. Resistant BC 3 F 2 plants were harvested and progeny tested to identify lines that were homozygous for RWA resistance. In some cases, an additional generation of seed increase was conducted to provide suffi cient seed for further testing. Remnant seed from 123 BC 3 F 2:3 or BC 3 F 2:4 lines from putatively homozygous BC 3 F 2 plants were planted in 1.3-m-long progeny rows in an irrigated nursery at Aberdeen, ID, in 2001. From visual observations, 18 progeny rows that exhibited vigorous growth, favorable maturity characteristics, resistance to lodging, and plump kernels were selected for further testing. Selected rows were again subjected to seedling assays for resistance to RWA as described above. Homozygosity for resistance to RWA damage was confi rmed for 16 of the 18 lines, which were advanced to replicated small-plot yield trials.
RWA 1758 was entered in preliminary yield trials in 2002 at two Idaho locations: Aberdeen (sprinkler irrigated, elevation 1338 m) and Tetonia (rainfed, elevation 1794 m). The experimental design was a randomized complete block with two replicates. Six lines were selected for further testing on the basis of plant characteristics (height, maturity, and resistance to lodging) and productivity characteristics (grain yield, test weight, kernel plumpness). . These sites provided a wide range of conditions, and the highest average nursery yield was typically double that of the lowest nursery average yield. The primary sources of stress were abiotic (temperatures >30°C and/or limited moisture). Disease and insect problems were negligible. The experimental design at each location was a randomized complete block with either three or four replicates. Soil fertility was managed according to soil test results and recommendations for yield goals appropriate for the site based on site characteristics, including considerations of production histories, anticipated water availability, and avoidance of excessive lodging. All plots were sown with small-plot drills equipped with doubledisc openers. Each plot consisted of seven rows on 17.8-cm centers, and-depending on the location and year tested-varied from approximately 2.4 to approximately 3 m in length. Plot arrangement was such that the experiments consisted of ranges of 7 to 20 side-by-side plots. Each range was separated by an alley approximately 1 m in width. Harvest was accomplished by small-plot combines.
RWA 1758 was tested by cooperators at Center, CO (irrigated, 2005-2006) , Yellow Jacket, CO (rainfed, 2004 and 2006) , and Sidney, NE (irrigated and rainfed 2005), using methods similar to those described above. In the Yellow Jacket and Sidney trials, Erickson 2006 Erickson , 2007 .
Data collected during the testing of RWA 1758 included days to heading (date of head emergence from the boot for 50% of plants; visual estimate), plant height, percentage of lodged plants (visual estimate), grain yield, test weight, and percentage plump kernels (defi ned as the percentage of kernels retained on a sieve with 19.1-× 2.38-mm rectangular openings, Method Barley 2C: Assortment test, American Society of Brewing Chemists, 1992). Data were analyzed by SAS v. 8.0 Proc GLM (1999, SAS Institute Inc., Cary, NC), utilizing the PROC GLM procedure, using various statistical models. Typical models included cultivar, locations, and years as sources of variance, with all sources of variance considered random except for cultivar. F tests were considered signifi cant at p < 0.05.
RWA 1758 was observed to be uniform in appearance from the F 4 through the F 8 generation. Breeder's seed was produced by bulking approximately 348 F 7:8 rows that were uniform and indistinguishable from each other in appearance, and which were shown to be uniform for seedling resistance to RWA feeding damage. Resistance was determined by assays (as described above) of 30 seedlings per row, conducted after the rows were harvested.
Characteristics
RWA 1758 is a hulled, RWA-resistant, spring, two-rowed barley. It has an erect juvenile growth habit. Adult plants are mediumtall. Stems have fi ve nodes, a v-shaped collar, moderate spike exertion, and a strap-shaped, semilax spike that nods at maturity. Lemma awns are long and rough. Glume awns are rough, and glume hairs are banded. Rachilla hairs are long. Rachis edges are covered with hairs. Hulls have prominent, barbless, lateral veins, and a depression at the base. Aleurone is white.
The source of the RWA resistance is STARS 9577B (Mornhinweg et al., 1999) , which was selected from CIho 4165, a sixrowed landrace originally collected in Afghanistan. Although the primary mechanism of resistance to RWA feeding damage is tolerance, antibiosis also occurs (Mornhinweg et al., 1999) . In fi eld environments, resistant lines have been observed to support smaller RWA populations than susceptible lines (Bregitzer et al., 2003) . However, in protected greenhouse environments, large populations develop on both resistant and susceptible lines, and thus, reduced RWA populations on resistant lines may be the result of increased exposure to wind, rain, and predators caused by the lack of leaf rolling (Mornhinweg, unpublished data) . Genetic analysis indicated that the resistance is controlled by two dominant genes with recessive epistasis (Mornhinweg et al., 1999 (Mornhinweg et al., , 2002 . Although fi ve RWA biotypes have been reported in wheat (Triticum aestivum L.) Haley et al., 2004) , RWA 1758 has shown no differential susceptibility to these fi ve biotypes or any other suspected biotypes identifi ed to date (Mornhinweg, unpublished data).
Replicated tests for agronomic characteristics have been conducted in multiple irrigated and rainfed environments in Idaho, Colorado, Nebraska, and in the 2005 and 2006 WRSBN and WRDSBN. The data indicate that RWA 1758 has favorable characteristics for yield, test weight, maturity, plant height, and resistance to lodging. Tests conducted at nine Idaho locations from 2003 through 2006 (22 location-years) showed that RWA 1758 was competitive with its recurrent parent, Baronesse, and with the RWA-resistant cultivar Burton (Table 1) . RWA 1758 was shorter than Baronesse and Burton, had higher grain yield than Burton, and had a lower percentage of plump kernels than Burton (Table 1) . Tests conducted at Center, CO, during 2005 and 2006 also showed RWA 1758 to be competitive for agronomic performance, including with 'Eslick' which was the top-yielding cultivar in both years (Table 2) . Data from the regional trials conducted in 2005 and 2006 are shown in Table 3 ; details on statistical comparisons are available as specifi ed in the "Methods" section. RWA 1758 did not show signifi cant differences from Baronesse except that it was signifi cantly shorter (p < 0.05) in the 2006 WRSBN.
All of the data presented above were collected in trials where RWA infestations were absent or negligible. Natural RWA infestations occurred in trials conducted at Yellow Jacket, CO (rainfed, 2004 and 2006) , and at Sidney, NE (rainfed and irrigated, 2005) . Signifi cant yield reductions were observed at Yellow Jacket trials (Table 4 ) and in the rainfed Sidney trial (Table 5) for untreated vs. Gaucho insecticide-treated untreated checks, but not in the irrigated Sidney trial (Table 6 ). The greatest yield reduction from RWA feeding was seen in the rainfed Sidney trial, where untreated Baronesse yielded 71% of that recorded for Gaucho-treated Baronesse. In this trial, RWA 1758 had higher yield than untreated Baronesse and did not differ signifi cantly from Gaucho-treated Baronesse or Burton except that it showed, respectively, lower and higher test weight. At Yellow Jacket, RWA 1758 did not differ signifi cantly from Gaucho-treated Baronesse or Burton except that RWA 1758 was shorter than Burton. The higher yield of RWA 1758 vs. untreated Baronesse was not signifi cant at p = 0.05. In the irrigated Sidney trial, RWA 1758 was not signifi cantly different from either treated or untreated Baronesse or Burton except that it was shorter than Burton. RWA 1758 has been tested primarily under conditions that are not conducive to disease, and little is known about its resistance to common barley diseases. RWA 1758 is not expected to be well adapted to environments characterized by high disease pressure.
Availability
U.S Plant Variety Protection for RWA 1758 has been granted (PVP no. 200700405) . Small quantities of seed to be used for research or breeding purposes can be requested from the corresponding author during the period of protection by the Plant Variety Protection Certifi cate. Parties interested in commercial production of RWA 1758 may also contact the corresponding author for details on obtaining seed. Seed of this release is deposited in the National Plant Germplasm System, where it will be available after the expiration of the Plant Variety Protection (20 yr from date of PVP issuance) without restriction. It is requested that appropriate recognition be made when this cultivar contributes to research or development of new breeding lines or cultivars.
